I n t r o d u c t i o n
High E l e c t r o n M o b i l i t y T r a n s i s t o r s (HEMTs) made of GaAs and AlGaAs a r e b e l i e v e d t o b e t h e key elements f o r f u t u r e high speed d i g i t a l c i r c u i t s and computers [I] . An a l t e r n a t i v e f i e l d e f f e c t t r a n s i s t o r has r e c e n t l y been proposed and f a b r i c a t e d [2-41 which o f f e r t h e same advantages a s t h e HEMTs and i s composed e n t i r e l y of
GaAs. I n t h e s t r u c t u r e , t h e i m p u r i t y d i s t r i b u t i o n t a k e s t h e form of Dirac d e l t a f u n c t i o n and t h e FET has been named t h e b FET.
The m o b i l i t y behaviour of two dimensional e l e c t r o n gas (2DEG) i n t h e channel of t h e FET has been s t u d i e d [ 4 ] a s a f u n c t i o n of temp e r a t u r e and c a r r i e r d e n s i t y . The aim of t h e p r e s e n t work is t o develop t h e t h e o r y of m o b i l i t y and t o a s s e s s t h e r e l a t i v e s t r e n g t h s of v a r i o u s s c a t t e r i n g mechanisms.
The e x p r e s s i o n f o r t h e r e l a x a t i o n time and t h e method of c a l c u l a t i o n a r e g i v e n i n Sec.2.
The r e s u l t s a r e p r e s e n t e d and compared w i t h t h e a v a i l a b l e d a t a i n Sec.3.
Theory
Following S c h u b e r t e t a 1 [2-41, we have assumed t h a t t h e 2DEG i s confined i n a V shaped p o t e n t i a l w e l l i n which t h e wave f u n c t i o n s a r e s i n u s o i d a l . The subband e n e r g i e s En and t h e i r s p a t i a l extens i o n s Ln a r e t h e n given by where 6 i s t h e p e r m i t t i v i t y of t h e m a t e r i a l , ND i s t h e two dimens i o n a l doping d e n s i t y and t h e o t h e r symbols have t h e u s u a l meanings.
I n t h e p r e s e n t work, we s h a l l c o n s i d e r o n l y i m p u r i t y and p o l a r o p t i c phonon s c a t t e r i n g s , s i n c e deformation p o t e n t i a l a c o u s t i c and Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1987553 p i e z o e l e c t r i c phonon s c a t t e r i n g s a r e u s u a l l y n e g l i g i b l e i n t h e range of t e m p e r a t u r e of i n t e r e s t [5-71. Following t h e procedure o u t l i n e d i n [6, 7] we o b t a i n from t h e Boltzmann e q u a t i o n t h e f o l l o w i n g expres s i o n v a l i d f o r each subband i n t h e absence of intersubband s c a t t e r i n g where
tin d e n o t e s t h e r e l a x a t i o n time f o r i m p u r i t y s c a t t e r i n g i n t h e n t h subband t a k i n g o n l y t h e i n t r a s u b b a n d p r o c e s s e s i n t o account.
The e x p r e s s i o n f o r rin may b e o b t a i n e d f o l l o w i n g t h e procedure outl i n e d i n [8] and c o n s i d e r i n g t h e i m p u r i t y d i s t r i b u t i o n t o be a 6-f u n c t i o n . One t h u s o b t a i n s
B i s t h e a n g l e between t h e i n i t i a l and f i n a l wave v e c t o r s . The form f a c t o r s used i n t h e above Eq.(4) a r e given by 2 -a 1 / 2 ~~( q , L~/ 2 ) = ~~[ 4 q~~+ ( 8 n /qL1) (1-e ) I t P1 = ( q 2 L1 2 +4x 2 -1 ,
The s c r e e n i n g parameter qsn [8] f o r t h e n t h subband i s g i v e n by
Eq.(3) i s t h e n solved by an i t e r a t i v e t e c h n i q u e d i s c u s s e d i n [5-71 t o o b t a i n t h e v a l u e s of @(E) and t h e n t h e m o b i l i t y i s o b t a i n e d from

Fig.2. V a r i a t i o n of m o b i l i t i e s w i t h 2D d e n s i t y a t 300 K. S u b s c r i p t s 0,
1 and EXP r e f e r t o t h e v a l u e s f o r ground-, f i r s t e x c i t e d subband and i n experiment. i s t h e weighted average of po and pl.
R e s u l t s and Discussions
The c o n c e n t r a t i o n s , a few n (~1 0 M ) subbands a r e occupied.
S i n c e t h e m o b i l i t y i s h i g h e r i n upper subFig.1. V a r i a t i o n of c a l c u l a t e d m o b i l i t y bands, t h e o v e r a l l f o r ground subband ( p,) and v a l u e of m o b i l i t y may e x p e r i m e n t a l v a l u e s ( kD) w i t h be h i g h e r , s o t h a t agreement between 2D c a r r i e r d e n s i t y a t 77 K. e x p e r i m e n t a l d a t a and t h e c a l c u l a t e d v a l u e s may be p o s s i b l e .
The r e s u l t s f o r 300 K a r e shown i n Fig.2 . Here, we have assumed t h a t t h e e l e c t r o n s occupy a s many a s s i x subbands, a s p o i n t e d o u t i n lower d e n s i t y t h e t h e o r e t i c a l v a l u e s a r e found t o be l a r g e r . However, t h e v a l u e s a r e reduced i f a c o u s t i c phonon scat t e r i n g l i m i t e d mobil i t y i s included. P o l a r o p t i c phonons do n o t p l a y any s i gn i f i c a n t r o l e a t 77K.
a l o n w i t h t h e e x p e~i m e n t a l d a t a . We f i n d t h a t t h e m o b i l i t y l i m i t e d by ~8 p o l a r phonon r s a b o u t t e n t i m e s h i g h e r t h a n t h e i m p u r i t y s c at t e r i n g l i m i t e d m o b i l i t y . The s i m p l e M a t h i e s s e n r u l e d o e s n o t h o l d ood f o r t h e c a l c u l a t i o n of t h e t o t a l m o b i l i t y . When t h e 2 D d e n s i t y
? o r ND) i s s m a l l , t h e a v e r a g e v a l u e i s c l o s e t o t h e e x p e r i m e n t a l v a l u e , s i n c e t h e a s s u m p t i o n t h a t o n l y two subbands a r e o c c u p i e d i s q u i t e v a l i d . However, when t h e 2D d e n s i t y i s l a r g e , t h e p r e s e n t v a l u e s of a r e found t o b e l o w e r t h a n t h e e x p e r i m e n t a l d a t a . I n t h i s r a n g e d u e i m p o r t a n c e t o t h e c o n t r i b u t i o n from a l l t h e s i x subbands must b e g i v e n . S i n c e is h i g h e r f o r h i g h e r subbands and a l s o f o r l o w e r c o n c e n t r a t i o n , we may e x p e c t t h a t t h e a v e r a g e m o b i l i t y , i f p r o p e r l y w e i g h t e d , w i l l b e h i g h e r t h a n g i v e n i n Fig.2 and hence c l o s e r t o t h e e x p e r i m e n t a l d a t a .
We h a v e n o t c o n s i d e r e d i n t h e p r e s e n t work t h e r o l e of i n t e r s u bband s c a t t e r i n g . A rough c a l c u l a t i o n i n t h e l i n e of R i d l e y [ 9 ] shows t h a t t h i s p r o c e s s i n v o l v i n g LO p o l a r phonon i s n o t of much i m p o r t a n c e . E x a c t c a l c u l a t i o n t h a t i n v o l v e s e x c e s s i v e n u m e r i c a l work, h a s b e e n performed b y V i n t e r [lo] , b y c o n s i d e r i n g LO phonon and a l a r g e number of subbands i n c a s e of h e t e r o j u n c t i o n s .
I n t h e p r e s e n t c a s e , a d d i t i o n a l i n t e r s u b b a n d s c a t t e r i n g w i l l b e c a u s e d by more dominant i m p u r i t y s c a t t e r i n g and c a l c u l a t i o n w i l l b e f u r t h e r c o m p l i c a t e d d u e t o i n v o l v e d n a t u r e o f s c r e e n i n g [8] .
I n c o n c l u s i o n , we have o b t a i n e d t h e e x p r e s s i o n f o r r e l a x a t i o n t i m e f o r i m p u r i t y s c a t t e r i n g and f o r Boltzmann e q u a t i o n f o r i m p u r i t y and LO phonon s c a t t e r i n g s i n &-doped s t r u c t u r e s .
The c a l c u l a t e d v a l u e s of m o b i l i t y a r e i n q u a l i t a t i v e a g r e e m e n t w i t h e x p e r i m e n t s .
The a u t h o r s a r e t h a n k f u l t o P r o f e s s o r B. R. Nag f o r s t i m u l a t i n g d i s c u s s i o n s and t o t h e I n d i a n S t a t i s t i c a l I n s t i t u t e , C a l c u t t a f o r c o m p u t a t i o n a l f a c i l i t i e s .
The work h a s been p a r t l y s u p p o r t e d by t h e I n d i a n N a t i o n a l S c i e n c e Academy. R e f e r e n c e s
[ l ] MIMURA T . , ABE M. , SHIBATOMI A. , and KOBAYASHI M. , S u r f a c e S c i . and PLOOG K., J a p a n J. Appl. Phys. L e t t . , 24 (1985) L 608.
[3] SCHUBERT E.F. and PLOOG K., IEEE T r a n s . E l e c t r o n D e v i c e s , ED-32 (1985) 1868. [ 4 ] SCHUBERT E.F., FISCHEFi A. and PLOOG K., IEEE T r a n s . E l e c t r o n D e v i c e s , ED-33 (1986) 625.
